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Sixteen cases of atrial focus tachycardia are described 
clinically, electrophysiologically and hemodynamically. 
In each case multiple attempts at drug treatment (av-
erage 2.5 drugs) had failed. After delineation of the elec-
trophysiologic mechanism, the patients were treated by 
surgical removal or cryoablation or catheter electroab-
lation of the focus. In two of four patients catheter abla-
tion was successful and without complication. Surgical 
treatment was successful in 13 of 14 patients. 
Left ventricular function, which had been abnormal 
Atrial automatic tachycardia is a chronic supraventricular 
tachycardia seen predominantly in childhood (1). Because 
its rate is commonly less than that of the more usual par-
oxysmal supraventricular tachycardia, it is often considered 
benign (2). For this reason and because it is virtually im-
possible to convert to sinus rhythm, most cardiologists have 
not attempted to treat it. Cases have been reported, however, 
of serious embolization and stroke (2). The long-term effects 
of tachycardia on ventricular function are unknown. We 
have reported (3) two cases of automatic atrial tachycardia 
in which ventricular function was severely abnormal. The 
electrophysiologic and clinical characteristics of automatic 
tachycardias have been previously described (1,4,5). It is 
the purpose of this report to review the results of definitive 
treatment of atrial automatic tachycardia in 16 children. 
Methods 
Study patients and procedures. We reviewed our rec-
ords for children who had undergone either direct surgical 
treatment or catheter ablative treatment of atrial automatic 
tachycardia. The clinical, electrocardiographic, electro-
physiologic, echocardiographic and hemodynamic records 
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in 10 patients, normalized in all but 1 patient whose 
echocardiographic shortening fraction improved from 
10 to 27%. There have been no recurrences in a follow-
up period of 6 months to 5 years (mean 2.2 years). It is 
recommended that any atrial automatic focus tachycar-
dia that produces hemodynamic compromise undergo 
definitive treatment. Patients with chronic tachycardia 
rates of more than 140 beats/min should be followed up 
closely. 
(J Am Coli CardioI1985;6:405-9) 
of these patients were then reviewed. Echocardiographic 
and hemodynamic measurements were obtained preopera-
tively during chronic tachycardia. 
The results of catheter ablative and surgical treatment 
were evaluated with regard to cessation of the arrhythmia 
and the changes in ventricular function and symptoms. Stan-
dard electrophysiologic and echocardiographic techniques 
were used. Our surgical technique for this arrhythmia has 
been published previously (6). 
Technique of catheter ahlation. The technique of cath-
eter ablation was a modification of that used by Gallagher 
et al. (7), Scheinman et al. (8) and us (9) for ablation of 
the bundle of His. Catheter ablation was performed only in 
the right atrium because of the fear of embolization of gas 
or parts of the catheter. One quadrapolar and two decapolar 
catheters were positioned in the right atrium and a tripolar 
catheter was positioned near the bundle of His. After stan-
dard electrophysiologic recording and stimulation studies 
were completed and the tachycardia was shown to be au-
tomatic, the ectopic focus was localized as precisely as 
possible using 2 mm bipolar electro grams filtered at 30 and 
250 Hz. Unipolar recordings referenced to the right leg were 
then made and observed on a storage oscilliscope at a sweep 
speed of 500 mm/s. The electrode with the earliest activation 
was plugged into the positive pole of a modified R2 defi-
brillation set and the negative paddle put on the right anterior 
chest wall since each focus was in the anterior right atrium 
(10). The patients were sedated with meperidine, prometh-
azine and ketamine. Fifty to 200 watt-seconds were deliv-
ered from the catheter electrode to the chest pad, one to 
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three times on the basis of the response. Blood was available 
for each patient and the cardiac surgeons were prepared to 
operate. The discharge was synchronized to the QRS com-
plex of the surface electrocardiogram. A new standard re-
cording catheter was used for each patient, but mUltiple 
shocks were delivered in some patients through the same 
catheter. 
Patients were observed for hemodynamic deterioration 
or pericardial friction rub in the catheterization laboratory 
for at least 30 minutes. They were then monitored in an 
intensive care unit for 3 hours. Each patient had a two-
dimensional echocardiogram to detect pericardial effusion. 
The patients were discharged from the hospital the next day 
if the arrhythmia did not return and if there were no clinical 
or echocardiographic indicators of myocardial perforation. 
Further follow-up study was on an outpatient basis. 
Results 
Clinical characteristics. The 16 patients ranged in age 
from 2 to 15 years (median 11). They had been known to 
have tachycardia from 2 months to 12 years when they were 
first evaluated. In 13 cases (Cases 1-7,9,10,14-16), they 
had had tachycardia for more than 2 years. The maximal 
tachycardia rates ranged from 110 to 280 beats/min (median 
150). Two of the 16 (Cases 3, 14) had second degree atrio-
ventricular (A V) block. Thirteen of the 16 patients showed 
a variation in the tachycardia rate related to activity level. 
Three (Cases 3,11,13) had completely fixed tachycardia rate 
day and night. Fourteen of the 16 patients (Cases 1-14) had 
only tachycardia with no sinus rhythm. This fits the defi-
nition of persistent chronic tachycardia. Two patients (Cases 
15,16) had intermittent tachycardia with short intervening 
periods of sinus rhythm, thus fitting the description of re-
petitive chronic tachycardia. Three patients (Cases 2,6,10) 
had episodes of syncope and seven patients complained of 
easy fatigability. One of these seven (Case II) had extreme 
dyspnea on minimal exertion. She had been diagnosed as 
having a severe cardiomyopathy and had not responded to 
digitalization, diuretic agents or afterload reduction. 
Previous treatmeni. Cardioversion was attempted in five 
patients (Cases 1,2,6,11,16) and failed to convert any pa-
tient to sinus rhythm even for one beat. Ten patients (Cases 
1-9,14) were given verapamil, 150 J-Lg/kg intravenously, 
(maximal dose 5 mg) and repeated once. None converted 
to sinus rhythm and the tachycardia rate accelerated in two 
(Cases 2,9). The patients had been treated orally with dig-
oxin (n = 16), beta-receptor blockers (n = 12), quinidine 
(n = 9) and procainamide (n = 4) without conversion to 
sinus rhythm. Intravenous xylocaine slowed the atrial rate 
10 to 15% in two patients. Intravenous diphenylhydantoin 
had a similar effect in three patients. 
Electrophysiologic characteristics. Overdrive pacing 
was attempted in each patient but none were converted to 
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sinus rhythm. The initial escape cycle length was longer 
than the prepacing cycle length in II patients and the cycle 
length progressively decreased until the control cycle length 
was reached (Table I). In the other five patients, the first 
postpacing cycle length was the same as the prepacing cycle 
length. 
In 10 of 12 patients in whom curves could be obtained, 
a reset response was seen when single programmed pre-
mature atrial beats were coupled to the tachycardia. This 
was taken as evidence that the premature beat had entered 
the focus and reset it. The bidirectional conduction times 
ranged from 15 to 75 ms and, thus, were shorter than the 
usual sinoatrial conduction times. 
The sites of the automatic fad are listed in Table 1. One 
patient had two foci but the second was found only after 
the first was removed surgically. The left atrial foci were 
localized using catheters in the coronary sinus and the cavity 
of the left atrium, which was entered either through a for-
amen ovale or transseptal puncture (Fig. I). 
Catheter ablative treatment. In four patients (Cases 
13-16) electrode catheter ablation was attempted. Two foci 
were in the tip of the right atrial appendage, one on the low 
right atrial septum and one on the free wall of the right 
atrium. The two foci in the tip of the right atrial appendage 
(in Cases 14,15) were successfully ablated (follow-up 20 
and 14 months, respectively). The dose of energy was 50 
watt-seconds in one (40.5 kg patient) (Case 14) and 50 and 
100 watt-seconds in the second (51.8 kg patient) (Case 15). 
One patient left the laboratory with sInus rhythm but the 
tachycardia returned within 4 hours. One patient's tachy-
cardia could not be modified despite three shocks at 200 
watt-seconds (38.3 kg patient) (Case 13). Thus, only two 
of four electroablations were successful. No patient had a 
complication from ablation and no friction rubs were heard. 
Surgical treatment. The surgical techniques used are 
shown in Table 1. Cardiopulmonary bypass was initially 
used with the left atrial cryoablation because of fear that a 
clot might be formed on the endocardial surface by the 
epicardial cryoablation. Inspection of the left atrial endo-
cardium throligh the left atrial appendage failed to confirm 
this, so the remainder of the cases of left atrial cryoablation 
were done without cardiopulmonary bypass. Excision was 
used for right atrial appendage foci. 
The patient (Case 13) who had mUltiple endocardial 200 
watt-second shocks to the right atrium was operated on the 
next day. No evidence of the shocks could be seen on the 
right atrial epicardium. The focus was found on the right 
atrial lateral free waH on the sulcus terminalis. Endocardial 
mapping had localized it to the base of the right atrial ap-
pendage 1.5 cm away. The focus was successfully cryoab-
lated and no tissue was taken for histologic examination 
because it was not indicated for patient care. 
In two patients (Cases 6 and 10), sinus rhythm appeared 
during induction of anesthesia. One patient had had per-
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Table 1. Sixteen Cases of Atrial Automatic Tachycardia 
Age (yr) Rate Warm-
Case & Sex (beats/min) Site Reset up Treatment 
I 15M 200 LUPV No Yes S-Cryo-CPB 
2 8F 280 LUPV Yes Yes S-Cryo-CPB 
3 4M 240 RAA No No Exc Cryo-
CPB 
4 11M 190 RAA& Yes Yes Exc Cryo-
RAS CPB 
5 14M 150 RA Yes No Exc Cryo 
6 10M 130 RA Yes Yes Exc Cryo 
7 12F 180 LUPV No No S-Cryo-CPB 
8 2F ISO LUPV Yes No S-Cryo 
9 10M 180 LUPV No Yes S-Cryo-CPB 
10 3M 130 RA Yes Yes Exc & Cryo* 
Amio* 
II 12F 140 RUPV Yes Yes S-Cryo 
12 15M 140 RAA Yes Yes Exc & Cryo 
13 6F 150 RA No Yes Cath* 
S-Cryo 
14 IOF 190 RAA No Yes Cath 
IS 13M ISO RA Yes Yes Cath 
16 12F 110 RAS No No Cath* 
Amio 
F/U LVEDD 
(yr) (mm) 
4.5 38 
4.2 
4.2 36 
3.8 43 
3.5 
2.9 
2.5 44 
2.0 30 
1.9 
2.0 33 
1.9 70 
1.1 
1.2 
1.8 
1.4 55 
1.3 44 
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Preoperative Postopertive 
RVEDD SF LAD LVEDP RVEDP LVEDD RVEDD SF LAD 
(mm) (%) (mm) (mmHg) (mmHg) (mm) (mm) (%) (mm) 
25 15 30 18 5 
9 4 
14 25 26 9 6 
25 23 29 10 8 46 18 34 35 
15 10 
50 32 26 16 7 21 16 34 24 
14 13 21 30 9 24 24 
16 6 
16 27 22 10 10 
28 10 40 24 10 48 16 25 24 
13 9 
10 7 
22 30 32 
13 36 33 
*Failure of technique. Amio = amiodarone; Cath = catheter ablation; CPB = cardiopulmonary bypass; Cryo = cryoablation; Exc = excision; F 
= female; F/U = follow up; LAD = left atrial diameter; LUPV = left upper pulmonary vein; L VEDD = left ventricular end-diastolic dimension; 
L VEDP = left ventricular end-diastolic pressure or pulmonary capillary wedge pressure; M = male; RA = right atrial free wall; RAA = right atrial 
appendage; RAS = right atrial septum; RUPV = right upper pulmonary vein; RVEDD = right ventricular end-diastolic dimension; RVEDP = right 
ventricular end-diastolic pressure; S = surgery; SF = % fractional shortening. 
sistent and one repetitive tachycardia. Electrical stimulation 
and isoproterenol failed to reinitiate the tachycardia. Ve-
rapamil, 150 JLg/kg administered intravenously, reinitiated 
the tachycardia in the patient who had had the persistent 
tachycardia possibly as a result of reflex effects, but no 
maneuver was successful in the other patient. Extensive 
cryoablation was performed in the area to which the focus 
of the second patient had been localized by endocardial 
mapping. This was the only patient in whom surgery was 
unsuccessful. The tachycardia resumed 24 hours later. 
Amiodarone therapy resulted in 2 : 1 A V block and 2 months 
later, the tachycardia became more intermittent. Another 
patient (Case 16) in whom catheter ablation failed refused 
surgery and was treated with amiodarone. Her tachycardia, 
which had been repetitive, resolved to sinus rhythm with 
amiodarone therapy. 
Ventricular function. This study was performed over 
a 5 year period and the focus of the study was on the 
electrophysiologic findings; thus, the available hemody-
namic data are not inclusive. Becaus~'of the referral nature 
of our practice, we do not have echocardiographic data on 
most patients postoperatively. We present retrospectively 
obtained hemodynamic data. 
Ten of 16 patients had an echocardiographic or hemo-
dynamic marker of abnormal left ventricular function (Table 
1). Seven of 13 who had right heart catheterization had an 
elevated right ventricular end-diastolic pressure. One patient 
(Case II) had such severe depression of left ventricular 
function that after failure of medical treatment she had been 
referred for cardiac transplantation. Her echocardiographic 
shortening fraction was 10% and her left ventricular end-
diastolic pressure was 24 mm Hg. The abnormal left ven-
tricular shortening fraction in the other patients ranged from 
13 to 29%. The abnormal left ventricular end-diastolic pres-
sures ranged from 13 to 24 mm Hg. 
Left ventricular function improved in each of the seven 
patients in whom an echocardiogram was available 2 or 
more months postoperatively. Six of the seven patients had 
a normal postoperative shortening fraction. In patient 11, 
whose shortening fraction was 10% preoperatively, the value 
improved to 27% 9 months postoperatively and to 32% 14 
months later. This patient was asymptomatic at that time 
and was allowed to gradually return to normal activities. 
Discussion 
The results of this study indicate that atrial automatic 
tachycardia can be terminated surgically, usually without 
cardiopulmonary bypass. Other authors (l0-15) have also 
reported cases treated surgically. Surgery for atrial auto-
matic tachycardia is safe and relatively simple compared 
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Figure 1. Simultaneous recording of four surface electrocardio-
graphic leads (leads I, aVF, VI and V6) with nine bipolar intra-
cardiac electrograms, time lines and femoral artery pressure. The 
patient has atrial automatic tachycardia (cycle length 430 ms). The 
distal pair of electrodes on the low lateral right atrial catheter 
records the earliest activity. HBE = His bundle electrogram; HRA 
== high right atrium; LA = left atrium; LRAd = distal low right 
atrium; LRAm = mid-low right atrium; LRAp = proximal low 
right atrium; RAAd = distal right atrial appendage; RAAp 
proximal right atrial appendage. 
with the extensive dissection required during cardiopul-
monary bypass in patients with Wolff-Parkinson-White syn-
drome or ventricular arrhythmias. Surgery offers the hope 
of a life-long cure. Further follow-up study is necessary to 
determine if other abnormalities will develop. 
Localization of tachycardia focus. The P wave on the 
surface electrocardiogram was a good first approximation 
of the site of the automatic focus but did not localize it 
accurately. The P waves usually merge into the T waves 
because of physiologic prolongation of the PR interval in 
response to the tachycardia, making exact assessment more 
difficult. P waves that were negative in leads I, aVL and 
V 6 indicated a left upper pulmonary vein location in each 
of our patients. One patient with a focus at the month of 
the right upper pulmonary vein had P waves indistinguish-
able from sinus P waves except for their voltage. Endocar-
dial mapping using 10 to 15 bipolar e1ectrograms from cath-
eters with up to 14 electrodes are currently used for precise 
localization. 
Ventricular dysfunction. This study has also shown 
that cardiomyopathy can develop in association with a chronic 
supraventricular tachycardia. Echocardiographic methods of 
delineating ventricular function may be flawed because of 
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the abnormal heart rate, but patients with atrial tachycardia 
and a decreased shortening fraction should be strongly con-
sidered to have a myopathy. The features of ventricular 
function have not returned to normal immediately in patients 
who had an echocardiogram early after surgery. This car-
diomyopathy has been reversible if the tachycardia is stopped 
(3). The most severe cardiomyopathy developed in a 12 
year old patient with a heart rate of 140 to 150 beats/min. 
It was not known how long she had had this tachycardia, 
but there was some indication that she had had it most of 
her life. Thus, a chronic supraventricular tachycardia should 
never be ignored. If there are any abnormal hemodynamic 
findings, the tachycardia should be treated aggressively. 
Patients with "idiopathic" cardiomyopathy should be screened 
for a persistent tachycardia. 
One study (2) reported a stroke in a patient with a chronic 
tachycardia. The status of the myocardium was not de-
scribed in detail, but if there was myocardial failure, a 
thrombus may have developed in the left atrium or ventricle 
and emobilized. 
Pharmacologic versus ablation therapy. Pharma-
cologic therapy with currently approved drugs does not con-
vert atrial automatic focus tachycardia to sinus rhythm. At 
best, it may slow the rate 5 or 10% and prevent some of 
the symptoms of myocardial failure. Surgical treatment with 
removal of the focus or cryoablation is successful but causes 
a large visible scar and is expensive. Catheter ablation is 
easy to perform, does not leave a visible scar and is relatively 
inexpensive. However, it is new and thus far unpredictable 
in result. No cardiac perforation has occurred in our series, 
but it is possible. Indeed the registry of catheter ablation 
has published cases of perforation and death in adults. It 
would seem advisable to try catheter ablation first with blood 
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and an operating team available. If the ablation is unsuc-
cessful, then the patient may be taken to the operating room. 
Amiodarone, which may soon be commercially avail-
able, offers hope for medical treatment; however, it causes 
more side effects than other antiarrhythmic drugs. Catheter 
or surgical ablation seems to offer less long-term risk. 
Implications. Further refinements in catheter techniques 
using lasers or cryothermia wililikeiy make catheter ablation 
more controlled, and it should become the treatment of 
choice for right atrial automatic focus tachycardias. En-
couraging results have been obtained in patients with pos-
teroseptal accessory connections (16) and ventricular tach-
ycardias (17). This procedure is still new and the long-term 
effects are unknown. The relatively small size of the lesions 
may make long-term arrhythmogenicity less than that found 
after extensive repair of congenital heart defects. 
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